tinct vision of objects at different distances, has occasioned much difficulty and discussion among optical physiologists. Recent researches appear to have thrown considerable light upon this subject; and as I have been led to repeat and extend some of the experiments which bear upon it, I venture to lay before the reader some account of the present state of this interesting question.
It appears strange that some should have doubted the existence of any power of focal adjustment in the eye, and should have denied the necessity of the occurrence of such a change. The error of this opinion, and the fact that an internal change in the refracting media is required in order to render distinct the vision of objects situated at different distances from the eye, may be satisfactorily proved by several very simple experiments. If, as in Scheiner's experiment (Oculus sive fundamentum Opticum, &c., 1619), we view with one eye the head of a pin, or some small distinct body, through two minute holes in a card, placed at a less distance from each other than the width of the pupil, we shall find that there is a certain distance?which is that to which the eye is most easily adjusted?at which the pin head appears single, while within and without that place it appears more and more evidently double. Now, the place at which the image appears single is not altogether fixed, but varies within a certain range, according to the adjusting power of the eye. The reason of this is obvious from a consideration of the nature of the experiment. The two small holes admit to the eye two separate pencils of light at a certain amount of divergence, and at a certain distance these may be brought to fall on the same part of the retina, so as to form Dr. A. Thomson on the Focal Adjustment of the Eye. 51 a single image by the refractive power of the eye; but when within or without that distance, they cannot be so made to coincide on the retina, and therefore give a double image, either by their point of coincidence falling short of the retina in the one case, or by their reaching beyond it in the other. The power of adaptation is no doubt greatly limited by the fixed position of the two holes in the card, through which the rays of light pass to the eye; but, nevertheless, we find that the eye, when perfect, has the faculty of varying, to some extent, the place at which the image appears single. In those, therefore, who have lost the power of adjustment, the distance at which the pin head appears single will be found invariable.
3. The optometer of Dr. Young, founded on Porterfield's suggestion, and other instruments improved upon it, furnish a convenient method of measuring the extent of this adjusting power; and I have generally made use of it for this purpose in my experiments.
A single line, to which a scale of lengths is adapted, is viewed endways with one eye, through a double slit in a small screen, and this line appears double at all places excepting at that for which the eye is adjusted, and there the double lines appear to cross each other. Now, it will be found that, in those who have lost the power of adjustment, there is one invariable point at which the line appears single, or at which the two lines appear to intersect each other, and there is no power by an effort to change its position; but in those, such as the young, with well-constituted eyes, who retain the power of adjustment, it is easy to cause the place of intersection of the two lines to vary to the extent of several inches.
A farther proof of the actual occurrence of a change during adjustment of the eye to different focal distances, has very recently been obtained by Helmholtz and .and these elastic fibres may permit the muscle, during its contraction, to pass backwards to a short distance from the place of its attachment. The external fibres of the ciliary muscle, which are the longest, are inserted into the choroid membrane towards the ora serrata, while the remainder of the fibres spread along the exterior of the ciliary processes, to which and the intervening non-ciliated part of the choroid they are fixed; and finally, the innermost fibres are attached to the base of the iris. The iris, therefore, and the ciliary muscle thus form almost a continuous structure of a contractile nature round the margin and outer part of the front of the lens.
4th. The contraction of the outer part of the ciliary muscle must draw forward the ora serrata of the choroid, or tend to contract that membrane and the hyaloid as a whole in the posterior part of the cavity of the bulb, so as to give firmness and support to the vitreous humour, and prevent the lens from sinking backwards into it. This action must, at the same time, have the effect of relaxing the elastic fibres of the zonule of Zinn. The contraction of the shorter fibres of the ciliary muscle, spreading over the exterior of the ciliary processes, must withdraw these processes and the zonule from the canal of Petit in front, and will thus have the effect of altering the form of that space, narrowing it from without inwards, and deepening it from before backwards, round the margin of the lens,?a change which may contribute to produce more perfect marginal compression of the lens. 5th, The base of the iris being attached to the ciliary muscle, and the tissue which fixes them both to the ring inside the canal of Schlemm, being of a yielding nature, the outer part of the iris may be carried backwards to some extent by the contraction of the ciliary muscle; while there is nothing in the disposition of the Lastly, additional confirmation of this view is given by the remarkable observations recently made by Ruete, already quoted, in which he found, that in several instances, notwithstanding the entire absence of the iris, the power of adjustment remained perfect.
The view that the iris may by itself be the means of producing adjustment for near vision by the mere diminution of the aperture of the pupil, has arisen from the well-known experiment, in which it is found that a small body may be viewed distinctly greatly within the usual distance of distinct vision, by looking at it through a minute aperture, such as a pin-hole in a card. But it is to be remarked, that this apparent shortening of the focus of the eye proceeds merely from the circumstance that the margin of the aperture, less than the pupil, cuts off the more divergent rays, and admits only those which are more nearly parallel; and though the iris may in reality have some effect in this manner, by varying the size of the pupil, yet it appears, as Helmholtz remarks, that, while looking through the minute aperture, a distant object still appears indistinct when a near one is viewed, and a near one appears indistinct when a more distant one is viewed. There is therefore an adjusting power in the eye, independently of the iris; but this part, no doubt, contributes to the adjusting change.
Considerable difficulty has been felt by most persons in understanding the manner in which the compressing action of the internal muscular apparatus may be applied to the lens. Many, indeed, have held that the situation and arrangement of the iris and ciliary muscle in relation to the lens, are incompatible with their exercising any direct compressing force upon that body; and this circumstance, as well as the remarkable vascularity of the choroid membrane and ciliary processes, appear to have suggested the view that the action of the muscles might only be of an indirect kind, and might operate by varying the amount of blood contained in one or other of these highly vascular parts.* But notwith-* This is a view which has been held also by some of those who have believed the act of adjustment to consist in a change of position, rather than of the form of the lens. By the contraction of the ciliary muscle, the attachment of this muscle itself, and of the base of the iris, along the line of junction of the cornea with the sclerotic, is drawn somewhat backwards; and thus the outer part of the anterior aqueous chamber recedes, and is widened transversely. The pupillary margin of the iris, though contracted by its sphincter muscle, is advanced by the bulging of the lens, upon which it lies closely applied.
It may be doubtful whether the radiating fibres of the iris contract actively, or are only in a state of tension between the sphincter and the ciliary muscle; but, in either case, the outer part of the iris will press upon the margin of the lens in front.
The fig. 1 ., of the position of the reflections of a double light from the different surfaces of the eye (after Helmholtz). The letters refer to the same parts as in the foregoing figure. Fig. 3 . Diagrammatic figure, after one suggested by Donders, to explain the change of place of the anterior lens image in the preceding figures : L, L', the lens in its two states of flat and bulging on its anterior surface, represented on a proportionally large scale ; C, the cornea; I, the light; E, the position of the eye of the observer ; c, the corneal image ; a, the anterior lens image for distant vision; a, that for near vision; the posterior image. Fig. 4 
